dried overnight at 55 to 60°C and reweighed. The reduction in weight due to drying allowed the equivalent dry weight of the second half to be gauged. Without drying, the second portion was then macerated by immersion in about 6 ml of 40% KOH in a clean 10 ml conical centrifuge tube, which was kept in a bath of boiling water for 20 minutes. The volume was made up to 10 ml with distilled water and the whole mixed by pipette in order to disperse floating black particles. Following centrifugation at 1700 g for 30 minutes, the supernatant was aspirated, leaving 0 5 to 1 ml of fluid above the deposit. The sediment was resuspended in such a volume of distilled water as to yield an average concentration of 1 or 2 asbestos fibres, coated or uncoated, per small square of a Fuchs-Rosenthal counting chamber. Concentrations much in excess of this render counting inaccurate. If dilution to a volume over 10 ml was necessary, an aliquot was taken from the well agitated suspension and further diluted in a second tube. This process sometimes had to be repeated. The dilution used was noted for the final calculation.
Having settled in the chamber for 30 minutes, coated and uncoated asbestos fibres were counted separately under phase-contrast illumination using a x 40 objective. Initially a third category was recognized, comprising fibres for the most part uncoated but bearing small, irregular, eccentric accretions. Since the latter almost certainly represented fragments of tissue debris, this category was abandoned and such fibres were recorded as uncoated. At least 100 fibres were counted for each specimen, the chamber being filled several times if the tissue was poor in fibres. When fibres were numerous, between 200 and 500 were usually counted.
Electron microscopy In certain cases a further sample of lung tissue was macerated as before and, having been centrifuged once at 1700 g for 30 minutes to remove the bulk of the KOH, the fibre suspension was dialysed against frequent changes of distilled water through a Visking cellulose membrane until free of alkali. At this stage the dissolved organic material formed a flocculent precipitate. After centrifugation at 1700 g for 30 minutes the supernatant was discarded and the deposit ashed in a platinum crucible at 500°C for two hours. The residue was taken up into 10 ml distilled water, recentrifuged at 1700 g for 30 minutes and, having removed the supernatant, resuspended in approximately 0-5 ml of distilled water. A small drop of this suspension was allowed to dry on a formvar-coated grid and was then examined at 2000 x magnification in a Siemens Elmiskop I electron microscope. Randomly selected fields were photographed, and fibre diameters were measured on the prints at a final magnification of 5000 x, using a micrometer and viewing magnifier. The diameter recorded for coated fibres was that of the portions of bare fibre exposed at the ends or between segments of coating. Over 200 fibres, coated and uncoated, were measured in each case.
COMMENT
KOH maceration was used for asbestos quantitation by Gold (1968) (table I) . The counts of total fibres and uncoated fibres have mean values well over 100 and coefficients of variation below + 10 %, while the coated fibre counts average below 100 and have a coefficient of variation a little over ± 10%. The ratio of uncoated to total fibres, based on the two least variable counts, also has a low coefficient of variation. Repeated enumeration of blood eosinophils randomly distributed in the Fuchs-Rosenthal chamber gave a coefficient of variation of approximately ± 10 % provided at least 100 cells were counted (Dacie and Lewis, 1968 but this error is unlikely to exceed ± 20% and in most counts will be considerably lower. However, the error is generally less than that which drying introduces into counts, especially of coated fibres (tables II and III).
Electron microscope studies In the electron microscope studies attention was directed to fibre diameter rather than length because diameter, as the smaller dimension, determines whether or not the fibre will be resolved in an optical microscope.
Complete removal of the alkali before electron microscopy was necessary to avoid contamination or corrosion of the instrument. When, after dialysis, the suspension had ceased to giveanalkalinereaction to indicator paper, a flocculent precipitate formed, apparently consisting of the residual organic matter in the suspension. The precipitate, together with the mineral matter, was concentrated by further centrifugation, and the deposit was ashed to remove organic and carbonaceous material completely and produce a cleaner preparation on the grid. Fig. 7 Electron micrograph offibres recovered from a case of severe asbestosis. Coated and uncoated fibres a;re present and appear to be exclusively amphibole. x 3000. Fig. 8 Electron micrograph of another suspension which includes fibres whose structure suggests chrysotile. The suspension as a whole contained a majority of amnphibole type material. . 25 000.
Fibre diameter distributtion The distributions in six cases, two from each grade of asbestosis, are given in table VIII. In each case fibres in the range 01 to 019 /tm were most numerous. Less than a third, and usually less than a fifth, of the fibres were optically visible, ie, had a diameter of 0 4 ,urm or over. It must be stressed that in this respect there was no difference between the grades of asbestosis. Diffraction studies were not undertaken, but the vast majority of fibres had the appearance of amphibole asbestos and only occasional chrysotile fibres were identified by a tubular structure at high magnification (figs 7 and 8).
Discussion
The high proportion of uncoated fibres found in the majority of our lung analyses by light microscopy was not anticipated and contrasts with the histological appearances in asbestotic lung tissue. The importance of phase-contrast microscopy in visualizing uncoated fibres must again be emphasized. Persistence of uncoated fibres many years after the last exposure to asbestos, in proportions similar to those found in men exposed until shortly before death, suggests that no preferential dissolution of either coated or uncoated fibres occurs with time (table VI) . These findings are thus not entirely in accord with the suggestion of Beattie (1961) that asbestos bodies disintegrate after 10 to 15 years. Uncoated fibres are present in abundance at all stages of the disease, a finding which is in keeping with their presumed role as the fibrogenic agent in asbestosis. It is clearly insufficient to restrict attention to coated fibres as did Smith and Naylor (1972) , who were concerned only with routine necropsy material.
The present study appears to be the first to present fibre counts from asbestotic lungs showing a full spectrum of pathological features. There was no suggestion of any qualitative difference in the type of tissue reaction to inhaled asbestos fibres between cases of mesothelioma and of asbestosis without mesothelioma. The proportions of uncoated fibres recovered from mildly or moderately fibrotic lungs and from severe asbestosis were closely similar.
Presenting fibre counts as numbers per gram of dried lung tissue may introduce an error, to which Collins and Dible (1935) drew attention when determining the silica content of the lung. For the same number of fibres, increasing density of the lung tissue, whether due to fibrosis or to pneumonia, will lead to a decrease of fibres per unit weight. In this study, however, no other method was available. Pneumonic lung was avoided as far as possible when taking samples for analysis, but differences in tissue density probably contribute to the wide scatter of counts about the means ( (table VII) .
These considerations, together with the irregular distribution of the morphological changes within individual lungs, suggest that, while mild or moderate fibrosis is directly related to the amount of asbestos dust retained, the changes of severe asbestosis show no such relationship but are due to the intervention ofsecondary pathological processes. Neither the cystic nor the solid forms exhibited whorled, hyaline fibrosis, the histological features being distinct from massive silicotic fibrosis. There was no pathological evidence of tuberculosis in any of the cases considered here and Smither (1965) pointed out that the incidence of tuberculosis in asbestosis is now much lower than in former years. The close resemblance, amounting indeed to identity, between fibrocystic asbestosis and the non-specific form of honeycomb lung may nevertheless mean that the presence of asbestos or the reaction to it predisposes to non-specific inflammatory states which may leave residual fibrosis or honeycombing in the manner described by Heppleston (1956 Heppleston ( , 1969 . This interpretation is consistent with the clinical view that non-specific pulmonary infection accelerates the progression of asbestosis (Elder, 1967) . Inadequate therapy in pulmonary infections of bronchopneumonic distribution may result in healing by fibrosis rather than resolution, with fibrocystic disease as the ultimate state. Prompt and vigorous treatment is therefore indicated even in apparently minor respiratory infection in asbestos workers.
From a radiological study Sluis-Cremer (1970) concluded that the length of exposure to and the length of residence of asbestos in the lungs were important factors in determining the onset of asbestosis in South African miners of Caucasian origin, but no significant relationship has been found in our mesothelioma cases between severity of asbestosis and either of these parameters (table V) .
The reports of Beattie and Knox (1961) and Nagelschmidt (1965) indicated a lack of correlation between the degree of fibrosis and the pulmonary mineral content determined from the acid-washed residue of ashed samples and the chemical estimation of silica. Nagelschmidt found only traces of asbestos or none at all in 14 out of 25 lungs, including six of 10 lungs showing severe fibrosis. The present results in severe asbestosis also show a lack of correlation between fibre content and severity or form of fibrosis, but differ sharply from these previous studies in that fibres were abundant in every case, while in the milder grades of the disease there was on average a significant increase in fibre counts with increasing fibrosis. There is no obvious explanation for the differences between the previous and the present results, and especially for Nagelschmidt's failure to find asbestos at all or only in T. Asheroft and A. G. Hepplestont traces from so many cases, but our microscopical technique may well have advantages over chemical estimation.
Electron microscope observations (Davis, 1965; Timbrell, Pooley, and Wagner, 1970) show that much of the dust found in human asbestotic lungs has a very small particle size, a large proportion of the fibres being less than 0 3 ,um in diameter. Such fibres would not be detected with the optical microscope used for the present studies since its theoretical resolution is 0-36 ,um for light of 500 nm wavelength. If the size distribution of the asbestos fibres in the lungs remains constant with increasing tissue asbestos content and with the passage of time, the concentration of optically invisible fibres would parallel that of the visible fibres, and the increasing asbestos counts recorded optically here could be taken to represent increasing total asbestos content of the tissues. Although the number of cases examined is small, the ultramicroscopic fibre diameter distributions in the present material suggest that the proportion of optically visible fibres does remain reasonably constant between 12 and 300% of the total, irrespective of the degree of fibrosis. An optical count could thus be held to give a reasonable indication of the total asbestos concentration.
The finding of relatively little chrysotile in electron micrographs of the present cases is in keeping with the experience of Pooley (1972) who reported a predominance of amphibole fibres in lung tissue from cases of mesothelioma. Detailed information about the exposure of our cases to asbestos is not available, but they were probably exposed to more than one type of asbestos. Timbrell (1972) demonstrated that, owing to its curled fibre configuration, chrysotile penetrated the air passages much less readily than the straight amphiboles, and this difference in deposition could explain our electron microscopic findings. It is most unlikely that chrysotile was lost during the preparation of specimens for the grids, since control specimens made without centrifugation showed a similar predominance of amphibole fibres.
The pathogenic significance of submicroscopic fibres remains uncertain. Although Holt, Mills, and Young (1964) showed that small particles within the range of light microscopy were capable of inducing fibrosis, the experimental observations of Timbrell and Skidmore (cited by Timbrell, 1972) suggested that in the production of asbestos longer fibres may be more important than short ones. The participation of submicroscopic fibres in the genesis of mesothelioma constitutes a separate problem.
